. Pasak bumi (Eurycoma longifolia Jack) is one of the most popular medicinal plants in Indonesia. Currently, E. longifolia is being over-exploited due to its potential and popularity as herbal medicine and its high value in the market. Therefore, the study on the population structure of the species and habitat characterization is required to ensure successfulness of conservation of this species. The study was carried out in lowland forest, located in Limited Production Forest within the Register Number 40, situated administratively in Papaso Village, SubDistrict of Batang Lubu Sutam-Padang Lawas, North Sumatra, Indonesia. Batang Lubu Sutam forest is known as a source of pasak bumi material in North Sumatra. Every year tons of pasak bumi are collected from this forest and exported to Malaysia and surrounding countries. Due to illegal harvesting for its roots, pasak bumi has been seriously depleted in some areas in Batang Lubu Sutam forest. Therefore, current data on its population are needed for conservation effort of Batang Lubu Sutam's pasak bumi. The objectives of this study were to assess the structure of forest where pasak bumi grows and to determine the correct management for sustainability the future stocks. Vegetation analysis was carried out purposively in four transect belts, each consisting of five quadrats or plots. The results showed that the Importance Value Index of pasak bumi at seedling, sapling, pole and tree stages was 21.26%, 9.147%, 0, and 0 respectively. The Shannon Diversity Index (H) ranged between 3.050 and 3.220 and was inside its common value distribution. The evenness index was high, more than 0.85, at all stages of plant growth. The disappearance of pasak bumi at pole and tree stages indicates threatening condition for the sustainability of pasak bumi in the study sites because of excessive harvesting.
INTRODUCTION
Eurycoma longifolia Jack (known as pasak bumi in Indonesia) is a flowering plant of the family Simaroubaceae, native to Indonesia, Malaysia, Vietnam, Cambodia, Myanmar, Laos and Thailand (Patwardhan et al. 2004; Baht and Karim 2010; AbdRahman et al. 2002; Chua et al. 2005) . E. longifolia grows naturally in most part of Sumatra and Kalimantan Islands (Heyne 1950) and is commonly traded in both islands. It has long been known for its medicinal uses among traditional people all over Indonesia.
Eurycoma longifolia is a shrubby tree which grows in sandy soil. It has tall and slender stem with green pinnate leaves. The numerous leaflets are opposite or sub-opposite, lanceolate to ovate-lanceolate, 5-20 cm by 1.5-6 cm, with smooth margins. The flowers are tiny, reddish, unisexual and are densely arranged. The plant belongs to the Simaroubaceae family (Keng and Keng 1990; Goh et al. 1995) .
Eurycoma longifolia is one of the most popular folk medicines for its aphrodisiac effects and treatment of intermittent fever (malaria) (Jiwajinda et al. 2001 ). The root extract of E. longifolia is mostly used as folk medicine for health problems such as sexual dysfunction, aging, malaria, cancer, diabetes, anxiety, aches, constipation, exercise injury, fever, lack of energy, leukemia, and osteoporosis (Kuo et al. 2004; Hussein et al. 2007; Fiaschetti et al. 2010) . Many studies also reported the pharmacological benefits of E. longifolia for male fertility enhancement (Teh et al. 2011; Low et al. 2013; Chen et al. 2015) , and to cure malaria (Chan et al. 1986; Kardono et al. 1991; Low et al. 2011; Wandsforter et al. 2010) , cytotoxicity (Kuo et al. 2003) , microbially-caused diseases (Faraouk et al. 2008; Kong et al. 2014) , inflammatory (Tran et al. 2014) , diabetes (Husen et al. 2004; Lahrita et al. 2015) , and osteoporosis (Melton et al. 2005) .
The very high price of E. longifolia has been the main trigger of high-level exploitation since current harvesting relies only on wild harvesting of E. longifolia Jack by pulling out the roots. Destructive harvesting by root pulling should become a concern for the plant's sustainability (Farouk et al. 2007 ). There is a lack of research related to its natural habitat preferences, whereas, the external factors of disturbance such as destructive harvesting, suddenly change the composition of plant structures. There is a lack of information on habitat, tree composition and diversity of Batang Lubu Sutam forest. Therefore, the objectives of this
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414 research were to assess the structure of forest where E. longifolia Jack grows and to determine the correct management for the sustainability of the future stocks.
MATERIALS AND METHODS

Study area
The study was located in Limited Production Forest (Hutan Produksi Terbatas) Torsipara-para, the register Number 40, administratively located within Papaso Village, Batang Lubu Sutam Sub-district, Padang Lawas District, North Sumatra, Indonesia. This is a border area between North Sumatra Province and Riau Province (Figure 1 ). The remaining forested area is only 500 ha. The altitudes of the research site range between 250-700 m, with temperature of 27-30 o C and relative humidity around 65-90%.
Data collection
Vegetation analysis was carried out in four transect belts, each consisting of five quadrats or plots. As generally conducted for rare species, the locations of transects were determined purposively, based on local people information of the occurrence of E. longifolia in certain sites of Torsipara-para forest (Jumawan et al. 2015) . The starting point of the plot in each of the transect belts was located at the minimum altitude of 250 m. and this was based on the knowledge of indigenous people that the species had never been found below that altitude. The distance between transect belts varied between 100 and 300 meters, while the size of each sampling quadrat was 2 x 2m, 5 x 5 m, 10 x 10 m and 20 x 20 m each for seedling, sapling, pole, and tree respectively. The observed variables for each growth stage were as follows: (i) Seedling stage: species, number of individual for each of the species, (ii) Sapling stage: species, number of individual for each of the species, (iii) Pole stage: species, dbh, height, number of individual for each of the species, (iv) Tree stage: species, dbh, height, number of individual for each of the species
Data analyses
The vegetation data were analyzed to calculate relative density, frequency, abundance, and dominance of the species; and from those values, the Importance Value Indices (IVI) were calculated. To express the dominance and biological success of any species with a single value, the concept of Importance Value Index (IVI) has been developed by Curtis and McIntosh (1950) , Phillips (1959) and Misra (1968) . Rastogi (1999) and Sharma (2003) reported the IVI as a better expression of the relative ecological importance of a species than an absolute measure such as frequency, density or dominance. 
Relative density
Density denotes the average number of individuals of a given species out of the total of samples examined in a study area (Oosting 1942; Rastogi 1999; Sharma 2003) . The Relative Density (RD) was calculated using the formula:
RD =
Relative frequency
Frequency indicates the number of sampling plots (sites) in which a given species occurs as a percentage of all sampling plots and based on the presence or absence of a species (Raunkaier 1934; Rastogi 1999; Sharma 2003) . Relative Frequency (RF) was calculated using the formula:
RF =
Relative dominance or relative basal area (RBA)
Relative basal area Dominance is defined as the sum of basal areas of all individuals of a species. The basal area refers to the ground covered by the stems (Rastogi 1999; Sharma 2003) . Relative Basal Area (RBA) is calculated using the formula:
RBA =
Importance value index (IVI)
IVI was calculated with this formula: IVI = RD + RF (For seedling and sapling stage). IVI = RD + RF + RBA (for pole and tree). Importance percentage was obtained by dividing the IVI value by 3.
Species diversity
The species diversity determined using ShannonWiener index (Shannon and Wiener 1963):
Where, pi is the proportion of individuals of i th species and individuals of all the species in a stand. The equitability or species per log cycle index was determined following Whittaker (1972): E = S / (log ni-log ns). Where S is the number of species in that stand and ni and ns are the density value of most and least important species, respectively.
RESULTS AND DISCUSSION
Species composition
The tree species composition of forest reflect the complex ecological conditions of the particular site. In natural forest, the composition is heterogenous resulted from relationship of different ecological requirement of individual tree species, different growth capabilities and different physical ages each species could reach (Saniga and Balanda 2008) . E. longifolia Jack has a wide range of altitudes. Based on the physical condition in each plot, in general, E. longifolia Jack was found at elevation between 280-700 m asl, where it tended to increase with elevation. According to the collection material found in Herbarium Bogoriense, E. longifolia Jack can be found at elevations of 0-700 m asl. The elevation affects climatic factors, namely temperature, relative humidity, rainfall and sunlight intensity. This combined climatic factors will affect species distribution (Ewusie 1990 ). The daily observation on climatic condition of research location showed that temperature condition ranged between 27-30 o C and the relative humidity ranged between 60-89%. Table 1 shows only plant species having IVI higher than 10. In seedling stage, it was found that E. longifolia had the highest IVI.
In all seedling plots, we found 41 species. In this stage, pasak bumi was the dominant species in the location. Our observation showed that the pasak bumi seedlings were distributed in clumps and commonly found close to the mother trees (Figure 2 ). Regardless of the effect of environmental and competition factors, this result was relevant to the conclusion that distribution pattern of plant species is usually clumped since the seeds fall close to their parents. According to Ashton (1969) , the clumping of individuals of a species may be due to insufficient mode of seed dispersal. Okuda et al. (1997) also stated that clumped distribution of seedlings might be caused by lower number of seed and seedling predators and low species mortality rates. The clumped pattern of pasak bumi seedling is also related to seed dispersal and its reproductive system. Pasak bumi is dioeceous plant, with male and female flowers, occur in different plants (Corner 1988) . Male trees have sterile pistil and produce seeds that fall before maturity. Female trees are able to produce seeds but have steril stamens. The pollination process occurs through cross-pollination and is probably mediated by insects (Padua et al. 1999 ).
Seed dispersal is critical in seedling recruitment stage which is influenced by some factors such as pollinator condition, movement of pollinators, distance, magnitude of pollen and landscape condition (Hamrick and Trapnell 2011; Garcia et al. 2007; Nathan and Muller-Nandhu 2000) . Pasak bumi seed is heavy with weight average of 0.29 g and diameter of 0.5-0.7 cm. The seeds are dispersed near the mother trees and the surviving seeds will grow into seedlings. There is no report about seed dispersal of pasak bumi but previous research reported that wind is probably the agent of pasak bumi seed dispersal. The bitter endocarp covering the seed may cause the limitation on seed dispersal agents. Due to this condition, the seeds were dispersed in clumps under the mother trees.
In sapling stage 35 species were found. Unlike that in seedling, the IVI of E.longifolia at sapling stage wet down to 8 th rank. As expected, there was no record of E. longifolia for pole and tree stages as the species is mostly a shrub. Pole and tree stages in the study sites was dominated by species within the group of Dipterocarps. The IVI of E. longifolia at seedling and sapling stages decreased significantly from the highest to the 8 th . Similar result was also obtained by Kartikawati et al. (2014) in Kubu Raya district and Hasibuan et al. (2016) in Rumbio Forest who found that at the seedling stage E. longifolia was abundant but decreased significantly in sapling and mature stages. However, in certain sites, there is an exception that E. longifolia may grow to a "giant" size, where the species may reach more than 20 cm in diameter and more than 7 m in height.
In pole and tree stages, pasak bumi disappeared in our research location. This condition may be caused by the excessive harvesting of the mature E.longifolia that does not allow the species to be the most abundant in this stage. Based on the interviews with local people, in Tor siparapara forest, pasak bumi roots were commonly harvested at sapling and pole stages. The same case also occurred in Rumbio forest, Riau according to Hasibuan et al. (2016) . According to Zulfahmi et al. (2015) , another factor that explains the low number of sapling and pole stages is the high demand for this product. Local people prefer to collect the plant at sapling and pole stages due to its high price. The dry product has quite high price in the market. Kartikawati (2014) described that in 2013, the exporter of E. longifolia based in Deli Serdang got USD249.16 for a kilogram of chopped roots. Meanwhile, the price for 1: 200 extracts were USD3242.85 kg -1 and for 1: 50 extracts was USD1625 kg -1 . The price had increased from the previous year, 2012, which was USD375 kg -1 for 1: 50 extracts and USD900 kg -1 for 1: 200 extracts. Such high price has encouraged the increased exploitation of E. longifolia Jack in the forest since current harvesting relies only on wild E. longifolia Jack by pulling out the roots. Destructive harvesting by root pulling should become a concern for the plant's sustainability (Farooquee et al 2004; Kala et al 2004; Ghimire et al. 2005) .
The density of pasak bumi in our research site was low. The decrease in abundance from seedling stage to mature stage would influence the sustainability of its natural regeneration and the existence of pollinators. According to Lazuriaga et al. (2006) , the age distribution in a population will influence its reproduction, pollinator behavior, mating ratio and the number of seeds produced. Many frugivores either decline in abundance or disappear from logged patches due to loss of habitat or changes in the abundance and quality of food sources (Jhonson 1998) . Frugivores are important seed dispersers and affect the spatial patterns of plant recruitment (Howe and Smallwood 1982) . The loss of frugivorous dispersers can alter tree community composition (Bohning 2001) and its natural regeneration. To avoid total loss of the species, ex situ conservation of genetic material of E. longifolia from the study area is compulsory. On the other hand, in situ conservation is not recommended since the forest is not a conservation area and the risk of illegal harvesting is high.
According to Odum (1971) , natural regeneration status of tree species of any forest is determined on the basis of densities of seedlings and saplings. The ratio of various age groups in a population determines the reproductive status of the population and indicates the future course. Pasak bumi which was present only at seedling and sapling stages in our location were new entrants to the forest species composition. These are examples of discontinuous population structures (Brokaw 1987) . 
Species diversity
According to Wilsey and Sterling (2007) , the term of diversity has two basic components: richness (number of species in a given area) and evenness (how relative abundance or biomass is distributed among species). The value is quantitatively described using index and varies depending on the forest condition. Biotic, abiotic and anthropogenic disturbances will influence the diversity of forest and influence the index value. Species diversity and richness of a site experiencing disturbances, therefore, will be a cumulative outcome of differential responses of species to disturbances. Some species may tolerate the disturbances and the others may disappear. However, the case of E. longifolia disappearance in Batang Lubu Forest is not the case of the species intolerance to disturbances, since the nature of disturbance is anthropogenic. The diversity index is also an indicator that integrates species richness and the abundance of individuals of each species and reflects the degree of heterogeneity or stability of vegetation (Anbarashan and Parthasaranthy 2013) . The values of diversity, evenness and richness indexes in Torsipara-para Forest are described in Table 2 .
In most of ecological studies, the value for Shanon diversity Index (H′) is generally between 1.5 and 3.5. In this study, the values ranged from 3.050 to 3.220 and were inside its common value distribution. The value of diversity index can indicate the level of diversity in forest. Higher value of H′ indicates that the species diversity in the location is high. Odum (1971) states that species diversity tends to be high in older and younger communities in the newly formed forest community.
Species evenness index indicates how evenly the individuals of every species are distributed in a community. The value ranges from near 0 when most individuals belong to a few species to close to 1 when species are nearly equally abundant. The data above indicated that the evenness index was high, more than 0.85, at all plant growth stages and there were no dominant species found in the location. Evenness index will be maximal if all species have the same number of individuals at each location. This condition is very rarely found in nature, because each species has specific ability for adaptation and tolerance, as well as life history. In addition, environmental conditions in nature are very complex.
From the study results, it was also found that Limited Production Forest status in the study area contained various economically valuable timber species. However, its status as Limited Production Forest has allowed timber and nontimber extraction within the area. Thus, the status may allow people to extract E. longofilia.
